Lung cancers are the main cause of cancer-related deaths worldwide. Efforts placed to improve the survival of lung cancer patients and untangle the complexity of this disease, have resulted in the generation of hundreds of lung cancer cell lines and several genetically engineered mouse models (GEMMs).
Introduction
Lung cancers are the most common tumor type worldwide, with 1.82 million cases in 2012 and 1.6 million deaths (19. 4% of all tumor-related deaths) (1) . Lung cancers can be subdivided into two main cytological subgroups: small cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC) that is further subdivided into: adenocarcinoma, squamous cell carcinoma and large cell carcinoma (2) .
Early stage NSCLC and some cases of limited stage SCLC undergo surgery with curative intent (3) (4) (5) (6) . Systemic chemotherapy is the first-line treatment for advanced stage disease. SCLC patients are treated with a combination of a platinum-based agent and a topoisomerase inhibitor, whilst NSCLC patients usually receive a platinum-based agent in combination with pemetrexed or gemcitabine, unless specific targeted therapies are indicated (4, 6) . Significant progresses in the past few years with targeted therapies for
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Circulating tumor cells and CDX models as a tool for preclinical drug development NSCLC include gefitinib (EGFR tyrosine-kinase inhibitor) and crizotinib (ALK, ROS1, MET tyrosine kinase inhibitor) approved for the treatment of EGFR mutant and ALK positive patients, respectively (4, 7) . More and more targeted agents are under evaluation to inhibit specific driver mutations and deal with mechanisms of resistance (7) . Examples are alectinib and osimertinib that target crizotinib refractory ALK-rearranged and EGFR T790M mutated NSCLC patients, respectively (8, 9) . In contrast, the lack of actionable driver mutations in SCLC led to disappointing results with novel therapeutics (10) . Although, in a Phase I trial on recurrent SCLC patients, responses have been seen with a DLL3-antibody-drug conjugate (NCT01901653). Overall, despite these considerable efforts to improve clinical care of lung cancer patients, the median survival rates remain very low, with 5-year survival rates <7% and <17% in SCLC and NSCLC, respectively (11, 12) .
There are several reasons underlying the lack of success in improving clinical care of lung cancer patients. Most challenging is the late detection of disease coupled with the high mutation rate that drives intra-and intertumor heterogeneity in advanced lung cancers (13) . As mentioned before, surgery is restricted only to patients with early stage disease and biopsy can be performed for patients with advanced stage diseases, however not always without risk to the patient. Moreover, biopsies are small and may not capture intratumor-heterogeneity sufficiently confounding a personalised medicine approach (14) (15) (16) . Ongoing efforts are focused on improvement of minimallyinvasive biomarkers, such as imaging and liquid biopsies, to aid early diagnosis and identify patients who would benefit from curative surgery, to stratify the patients and to predict or monitor response to therapies. A further obstacle to progress in the management of lung cancer patients is the availability of preclinical models that faithfully mimic the patient's tumor to study biology, test novel therapies and characterize mechanisms of drug resistance.
In this review, we summarise and evaluate the existing preclinical models of lung cancers, comprising established cell lines, genetically engineered mouse models (GEMMs) and patient derived xenografts (PDXs). We also highlight the recent advances in the enrichment of patients' circulating tumor cells (CTCs) used as a liquid biopsy to generate lung cancer CTC-derived preclinical models.
Pre-clinical models of lung cancer
Lung cancer cell lines were among the first to be generated (17) . SCLC cells were first successfully cultured in 1971 (18) and at the present time approximately 300-400 cell lines have been established from SCLC and NSCLC (17) . Since most SCLC patients are diagnosed with metastatic disease, curative surgery is rarely performed and consequently tumor tissue for clinical studies is rarely obtainable. As a result, most of our knowledge about the pathogenesis and biology of SCLC is derived from studies on SCLC cell lines (19, 20) . Most SCLC cell lines were derived from metastatic sites such as bone marrow aspirates and pleural effusions (21) . On the contrary, most NSCLC cell lines were established from primary tumors with relatively low culture success rates compared with SCLC (21) . Despite challenges in the culture of NSCLC cell lines, various important discoveries were achieved (22, 23) .
Regardless of the knowledge gained from studies on SCLC and NSCLC cell lines, this has not always translated to improvements in the clinic (24) . There is some contention regarding the degree of drift that lung cancer cell lines undergo in prolonged culture (17) . Whilst NSCLC cell lines are reported to be representative of the parental tumors and seem to maintain these characteristics over longer culture periods (25) and SCLC cell lines maintain neuroendocrine differentiation after establishment (26) , SCLC cell lines established from patient-derived xenografts (PDX), after months in culture, exhibit significantly different gene expression profiles compared with PDX transcriptomes that faithfully matched tumor biopsies (27) . Moreover, cancer cell lines grow in plastic where they lack the tissue structure and the stromal cells which have an essential role in tumor growth, angiogenesis, and metastasis (17) .
GEMMs provide a complementary approach for lung cancer research, notably to study the biology and development of lung cancers in vivo (28) . In 2003, Meuwissen et al. established a SCLC GEMM based on conditional alleles of TP53 and RB1, the two most frequently mutated tumor suppressor genes (29) . Homozygous deletion of TP53 and RB1 in pulmonary neuroendocrine cells resulted in tumors mimicking the histopathology of human SCLC that have been used to study metastatic dissemination (29) . This GEMM was used to examine the importance of other potential candidate tumor suppressors and oncogenes in SCLC (30); for instance, knocking out P130, a member of the Rb family on this background resulted in accelerated tumor growth, confirming P130 as a tumor suppressor in SCLC (31) . Similar studies established PTEN and NOTCH as important tumor suppressors (32, 33) . GEMMs have also been used to investigate the origin of SCLC; Sutherland et al. demonstrated that targeting TP53 and RB1 in neuroendocrine cells as opposed to other cell types within the healthy lung using a calcitonin generelated peptide (CGRP) virus most likely resulted in the development of SCLC (34) .
The majority of GEMMs for NSCLC were generated for the adenocarcinoma subtype by expressing conditional alleles of Kras G12D or Egfr L858R thereby mimicking tumor development in approximately 40% of patients (35, 36) . These GEMMs helped to identify pathways involved in the development and maintenance of NSCLC, notably components of the MAPK pathway (37, 38) . Similar to GEMMs for SCLC, mouse models for NSCLC proved useful to perform cell-of-origin studies showing that different cell types can lead to the development of NSCLC (28) . The first GEMM for lung squamous cell carcinoma in which conditional alleles of SOX2, PTEN, and CDKN2AB were deleted was described in 2016 (39) .
Whilst GEMMs are undoubtedly elegant research tools that bring insights to tumor biology, they have had limited utility for pharmacology studies. In contrast to human tumors that harbour a high mutation load stemming from exposure to carcinogens in tobacco smoke, GEMMs do not exhibit this genetic complexity (30) . GEMMs are biased based on the few genetic alterations introduced and, also, they take lot of time and money to be developed (40) . Although SCLC GEMMs fail to recapitulate the spectrum of patient responses to platinum-based therapies, some NSCLC GEMMs have proven useful in assessing therapeutic efficacy of both targeted and cytotoxic agents (41) .
PDXs are generated by implantation of tumor biopsies derived from SCLC (27) and NSCLC (42) patients into immune-deficient mice. PDXs better reflect the tumorstroma interaction present in the primary tumor, despite the stroma derived from the host. Next generation sequencing (NGS) studies of SCLC PDX models proved useful in the dissection of the molecular landscape of this disease, where patient biopsies are often small and necrotic limiting research applications (33, 43) . Similarly, NSCLC PDX models have proven utility for testing novel therapeutics and to further understand disease biology (44) . However, the limitation for PDX modelling of lung cancer resides in the challenges in obtaining sufficient quality and quantity of tumor biopsies as curative surgery is only performed for early stage disease (14) (15) (16) 45) . Further caveats are that PDX models are generated in immunodeficient mice and therefore inappropriate for studies of immunotherapeutics as the murine stromal interactions with the PDX are different from the human microenvironment (46) . Immunodeficient mouse models closer mimicking human stromal components or engrafted with human immune system are currently being developed (47, 48) and whilst expensive, could provide new opportunities to generate PDXs in a potentially more translatable model system.
To overcome the problem of tumor tissue availability to generate PDXs, we developed a new approach with a readily accessed clinical sample: a 10ml blood draw to generate CTC derived explants (CDXs) (49) , as it will be discussed in the next sections.
CTCs as liquid biopsies
A readily accessible sample from the peripheral blood of cancer patients can provide tumor-derived resources, such as CTCs and circulating tumor DNA (ctDNA). These 'liquidbiopsies' have the potential to allow non-invasive molecular description of a patient's tumor and monitoring of tumor growth and response to therapies (50) . The utility of ctDNA in cancer patient management has already been extensively reviewed elsewhere (51) (52) (53) (54) . CTCs released from the primary tumor that survive in the bloodstream have the potential to seed at secondary sites to form metastases (55) . Though technically more challenging than analysis of ctDNA, CTCs, with continuing improvements in detection and enrichment techniques (56, 57) , offer a broader repertoire of potential biomarkers (nucleic acids and proteins) and the opportunity to grow disseminating tumor cells in vitro and in vivo. Multiple studies have demonstrated that enumeration of EpCAM + CTCs are prognostic in several cancer types including NSCLC and SCLC (58) (59) (60) (61) (62) . The development of next generation sequencing platforms to dissect the genomic and transcriptomic profiles of single CTCs has provided a new window into the molecular landscape of cancers. Whole-exome sequencing of CTCs collected from prostate cancer patients identified 90% and 73% of mutations in early and advanced disease respectively, that matched single nucleotide variants found in the primary tumor and lymph node metastasis (63). Miyamoto et al. isolated an average of 6 prostate cancer CTCs per patient and performing single cell RNAseq profiling, they showed activation of the non-canonical Wnt signalling in patients progressing on anti-androgen receptor therapy (64) . RNAseq, CNVs and mutational profiling were also performed on single CTCs isolated from the blood of melanoma, breast, and colorectal cancer patients (65) (66) (67) (68) . Immunomagnetic enrichment of melanoma-associated chondroitin sulphate proteoglycan + CTCs and single cell comparative genomic hybridization showed chromosomal changes and aberrations typical of melanoma (65) . With a dielectrophoresis-based device, Fabbri and co-workers were able to isolate single CTCs from colorectal cancer patients to perform whole genome amplification and targeted mutational sequencing (68) . A similar study was done by Gasch et al, exploiting an EpCAM-dependent enrichment of CTCs from colorectal cancer patients (67) . Both studies on colorectal cancer CTCs, showed intra-and inter-patient heterogeneity of genetic alterations in EGFR, KRAS and PIK3CA suggesting that molecular characterization of single CTCs is a useful tool to characterize the overall complexity of the tumor and to identify emerging drug resistant clones. Heterogeneity among individual CTCs was also observed in breast cancer patients where the transcriptomic profile of single CTCs showed expression of genes involved in EMT, metastasis and the AKT/mTOR pathway, suggesting potential therapeutic candidates for these patients (66) . Molecular characterisation of CTCs from lung cancer patients has also been reported. Yeo and co-workers optimized a microfluidic device to isolate single cell CTCs from the blood sample of NSCLC patients and showed 100% concordance between EGFR mutations detected in CTCs and the primary tumor (69) . Two recent studies performed single cell profiling of CTCs from both SCLC and NSCLC (70, 71) . In the first study, Carter et al. identified a CTC copy number alteration-based classifier to discriminate between chemorefractory and chemosensitive SCLC patient (70) . In the other one, a panel of genes expressed in EpCAM + CTCs derived from NSCLC patients showed to be predictive of progression free survival and highlights the relevance of the NOTCH1 pathway in these advanced stage NSCLC patients (71) .
These studies highlight the potential for molecular characterization of single CTCs as clinical tools to support precision medicine, but so far, the direct clinical benefits for the patients have been limited. Moreover, whilst there have been significant increases to the overall survival of subgroups of NSCLC patients treated with EGFR and ALK targeted inhibitors, drug resistance and disease relapse are common and the effectiveness of precision medicine in its current format has been called into question (72, 73) . In part, this criticism stems from our relatively simple methods for predicting drug sensitivity based on genomic information only. Patients are generally selected only based on the presence or absence of a specific driver mutation, without taking into account the context in which the mutation is emerging. An outstanding example is the BRAF inhibitor vemurafenib. This targeted therapy recognizes constitutive active mutant BRAF V600 and showed impressive response in melanoma patients (74) . Initial attempts to utilize vemurafenib in BRAF mutant colorectal cancer were unsuccessful, and it is now understood that both genomic background and cellular context can govern drug sensitivity (75) . To help bridge the gap between our ability to detect mutations and to translate this knowledge into a clinically efficacious treatment, here we focus on the preclinical value of CTCs to perform functional downstream analysis, demonstrating how they can improve our understanding of lung cancer biology and how CTCs can be exploited to identify novel therapeutic options for those patients.
CDX models
PDX mouse models are the most useful models to identify the best treatment for the patient (76, 77) . Several groups have tried to optimize the protocol for lung cancer tissue sampling and processing to improve the success rate of lung cancer PDXs generation (44, (78) (79) (80) . However, as mentioned before, lung cancer PDX development remains challenging with limited tumor availability. The majority of NSCLC PDXs are derived from either pleural effusion or a small biopsy of the primary tumor collected during surgery of primary diagnosed NSCLC patients (44, 78) . SCLC patients, instead, rarely undergo surgery and biopsies are usually obtained via procedures that use radiologically guided approaches (e.g., percutaneously, bronchoscopically) and recently, ultrasound-guided transbronchial needle aspirates (EBUS-TBNA) of lymph nodes (14, 79, 80) . In particular, EBUS-TBNA is considered safe with risk of complications in only 1% of cases (81) . However, risks like mediastinitis, pericarditis and death have been reported (82, 83) . Open lung biopsy is a higher risk procedure but allow to biopsy larger pieces of tissue (14) and is only performed during surgery when there is a clinical benefit for the patient.
Conversely, CTCs can be easily collected from a blood withdrawal. It is non-invasive for the patient and samples can be collected independently of disease stage. Hodgkinson et al. demonstrated, for the first time, that CTCs enriched from the blood of SCLC patient are tumorigenic in immunocompromised mice, thus generating CTC-derived explants (CDXs) (49) . The molecular profiles of CDXs demonstrated broad similarity with the primary tumor and matched single CTCs. Most importantly, from a pharmacological perspective, the response of CDXs to standard chemotherapies mirrored the donor patient's response to the same treatment (49) . Therefore, CDXs can be complementary to tumor biopsies and PDXs and can be a source of tumor material for research purposes (Figure 1) . CDXs offer an opportunity to generate models for those patients that cannot undergo surgery or an alternative invasive procedure. Moreover, CDXs can be derived from CTCs collected at different time points during patient's follow up, allowing the generation of paired models that recapitulate the patient's tumor evolution ( Table 1) .
Unlike PDXs, CDXs are derived from a subset of tumor cells that have already acquired invasive behaviour and are disseminating in the bloodstream. Additionally, in metastatic patients, the degree of tumor heterogeneity captured by CTCs is likely to be higher than obtained by a single small biopsy. As a precedent, Heitzer and co-workers demonstrated the presence of alterations uniquely present in the CTCs of colorectal cancer patients. They confirmed that these alterations were not sequencing artefacts by ultra-deep sequencing of primary tumor and metastases and reveal that 85% of CTC 'private mutations' were also present at a minor subclonal level in the primary tumor or metastases (mutation frequencies 0.02-0.42) (84) .
Despite the advantages of CDX models and the relatively high 'take rate' in SCLC, their generation for NSCLC patients has proven far more challenging. The prevalence of CTCs in SCLC is much higher than observed for NSCLC using the CellSearch platform that captures and enriches the EpCAM + CTC subpopulation, as evidenced by the tenfold higher prognostic cut off of 50 CTCs vs. 5 CTCs 
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In vivo trial study (61, 62) . With a median EpCAM + CTC count of only four, it seems likely that the relative lack of CTCs in NSCLC contributes to difficulties in generating a CDX (85) . However, the first and only NSCLC CDX model described to date (86) , was generated from a patient whose parallel EpCAM + CTC count was zero, and whose CTCs, enumerated by filtration were predominantly mesenchymal, consistent with epithelial to mesenchymal transition. A number of variables, including CTC enrichment and implantation methodologies, will likely require optimization to improve the 'take rate' of NSCLC CDX. We and others have recently reported that sampling blood from the draining pulmonary vein yields higher CTC numbers from stage I-III NSCLC patients immediately prior to tumor resection (1-3,093 vs. 0-4 CTCs in the peripheral blood) (87, 88) . Although the reason for this difference is not yet known, it is likely that the unfavourable environment in the bloodstream and CTC filtration via capillary beds could account for reduced CTC counts in the periphery. Alternatively, epithelial to mesenchymal transition may results in both loss of EpCAM expression and provide a survival advantage, thus allowing only the most aggressive CTCs to survive transit to the periphery. CDXs maintain the histopathological characteristics of the donor tumor and growth dynamics with passage, therefore providing a renewable source of patient tumor material that can be exploited for multiple research purposes. SCLC CDXs can be generated from both chemosensitive and chemorefractory patients, especially for advanced stage disease. Moreover, as mentioned before, blood samples can be collected at several time points during the course of patients' disease, allowing for the relatively easy generation of evolutionarily related longitudinal models. Such matched pairs of CDX allow comparison of tumor biology pre-treatment (baseline) and upon disease progression (relapse) providing unique models to interrogate intrinsic and acquired mechanisms of chemoresistance. Preclinical models of rapidly progressing SCLC have hitherto been scarce. Given the substantial genomic heterogeneity in SCLC, a large panel of CDXs will now be required to provide a tractable discovery platform to identify new druggable targets and pathways via comprehensive multi-omic analyses.
Compared with PDX and CDX models developed in other cancer types (89), sadly the time frame for the generation of SCLC CDXs often exceeds the lifespan of the donor patient making the 'one mouse, one patient' paradigm incompatible for SCLC (90) . Nevertheless with a large panel of CDX models, pharmacological studies to test novel therapeutics can be performed with parallel biomarker development; promising results can be translated to the clinic using pharmacodynamic and predictive CTC based biomarkers and CTC number as a surrogate of response.
Clearly, as CDX and PDX models are established in immunodeficient mice they cannot provide a panacea for therapy testing, and, to date, preclinical evaluation of immunotherapies relies on syngeneic and GEMMs (91, 92) . However, humanized mouse models are starting to enter the research field. These mice are normal immunocompromised mice in which a human immune system has been engrafted (48). The generation of CDX and PDX in these new models, may improve the possibility to predict the response to specific therapies, particularly the one linked to the immune system.
CTCs ex vivo culture
Several major obstacles in translating lung cancer CDX research remain, they cannot be generated from every patient, they take several months to establish, and in vivo pharmacology is expensive and time consuming. One way forward to improve the efficiency of mouse model generation, perform molecular analysis, and examine drug efficacy in a shorter time frame is the generation of CTC ex vivo cultures (Figure 1) . There are several technologies that facilitate single-cell analysis, however, very few maintain the viability of the cells to perform downstream functional assays (56, 93) . In the past few years, several groups have tried to expand CTCs in culture from different cancer types. Yu et al. were able to derive CTC cell lines from offtreatment or progressing breast cancer patients (94) . They used a microfluidic platform, CTC-iChip, to deplete normal blood cells and enrich un-manipulated CTCs. The selected CTCs were viable and grew for more than 6 months. They showed molecular and phenotypic similarities with uncultured primary CTCs and the derived donor tumor, validating their tumor origin. Moreover, they optimized a drug screening platform to screen small numbers of cells with high reproducibility. In this way, CTC culture can help predicting the response to specific drug combinations, and tailor the treatment of the patients accordingly. Similarly, Cayrefourcq et al. derived CTC cell lines from a metastatic colorectal cancer (CRC) patient that maintained some of the characteristics of the donor tumor, especially regarding aggressiveness and metastatic potential (95) . One CTC cell line was also obtained from a prostate cancer patient and cultured as organoid in a 3D system (96) and two CTC cell lines were derived from extensive stage SCLC patients and kept in culture for more than 4 months (97). These emerging studies show the potential of CTC ex vivo cultures as promising tool to assist delivery of personalised cancer therapy (98) . For example, a recent study demonstrated the feasibility of CTC ex vivo expansion from metastatic CRC patients and subsequent drug screening in a very short time frame (less than a month) (99) . However, some problems in CTC cultures are still prominent: the success rate is still low and generally biased towards advanced stage disease, the number of CTCs collected from a single blood sample is usually small, limiting the number of manipulations that could be done in the short term and longer term expansion may be often associated with phenotypic drift in culture (27) (Table 1) .
CDX-derived ex vivo culture
The establishment of short term cell cultures generated from dissociated CDX tumors offers a useful intermediate between the CDX and the CTC ex vivo culture. In our group, we established a short-term ex vivo culture of cells derived from SCLC CDXs (Lallo et al., manuscript under review). These cells maintain similar transcriptomic and immunohistochemical profiles of the corresponding CDX and donor patient over several weeks and mimic the chemotherapy responses of the donor patient and their CDX model. Compared with direct culture of CTCs sampled from the patient where the number of CTCs is maximally 100 to 1,000 for NSCLC and SCLC respectively, the number of cells derived from a CDX is in the range of 15-30 million cells per tumor ( Table 1) . This approach where CDX derived cultures can be genetically manipulated now offers a rapid and tractable system to study SCLC biology, function test hypotheses and conduct drug screening of compound libraries. Upfront selection of promising therapeutics via short term CDX culture screens can then refine in vivo testing reducing the number of animals used for pharmacological studies in accordance with the 3Rs' principals (100) to accelerate the identification of promising drug candidates (Figure 1) .
Future perspectives and challenges
The identification of CTCs in the bloodstream of cancer patients has opened new opportunities in the study of these diseases. CTC enumeration can have an immediate clinical utility as independent prognostic biomarkers and in both SCLC and NSCLC they have been suggested to be predictive of chemotherapy response (62, 85) . On the other hand, single-cell CTC profiling can give insight into tumor heterogeneity both at the mutational and gene-expression levels (66) (67) (68) 84, 101) . Therefore, the opportunity to study viable CTCs will allow functional validation of correlative hypotheses generated through single-cell molecular profiling. CTC ex vivo cultures are promising, but improvements in their establishment and subsequent in vitro expansion are required for routine use. In this regard, CDX models present an unprecedented opportunity to study the biology and mechanisms of chemoresistance, especially in SCLC, which could ultimately lead to the discovery of novel synthetic lethality and targeted therapy approaches. One key advantage of CDXs is the ability to generate longitudinal models made during disease evolution, allowing analysis of transcriptional and genomic alterations occurring prior to or after disease relapse. At the moment, because of the aggressive nature of the disease and the time needed to establish CDXs, it is challenging to generate longitudinal models in real time. Tail vein injection or orthotopic implantation of CTCs into the lung could hasten tumor growth by providing a more natural microenvironment, as observed in other cancer models (102) . Optimization of direct culturing of CTCs is another way to facilitate the development of real time longitudinal models for lung cancer.
The unprecedent opportunity to have both refractory and progression (relapse) lung cancer models can help to understand the differences between mechanisms of acquired and innate therapy resistance. Moreover, re-challenging chemosensitive CDXs with the standard chemotherapy regimen until the drugs are no longer effective could lead to the generation of new models of resistance, as has already been shown in PDX models (6) . In this regard, it will be particularly interesting to genomically characterize and compare these laboratory-derived relapse models with the patient-derived relapse CDX and assess their potential to recapitulate progression of the tumor.
Finally, we recently demonstrated that CDX-derived cells can be expanded ex vivo and re-injected subcutaneously in immunocompromised mice, where they form tumors with the same characteristic of the original CDX (Lallo et al., manuscript under review). That means that several manipulations, such as CRISPR genome editing (103), or fluorescent labelling of single clones (104) can be performed ex vivo and subsequently tested in vivo. These systems will contribute to the identification of candidate genes that mediate chemoresistance, metastases, cell-cooperativity and tumor evolution.
In summary, we think that all preclinical models mentioned in the text, including cell lines, GEMMs, PDXs, CDXs and CTCs, can be useful tools to help understand lung cancer biology. Considering the advantages and disadvantages of each model ( Table 2 ) can help to choose the proper system to answer specific scientific questions. A comprehensive overview of the various preclinical models has been covered elsewhere (27, 105) , however it is worth noting that these models are complementary. CDXs may be easier to generate in patients where obtaining biopsies is challenging, such as extensive stage SCLC, whereas PDXs should be considered when tissue is more available, such as NSCLC and limited stage SCLC patients. Future studies on CTCs particularly with refined marker independent enrichment and isolation workflows that capture CTC heterogeneity with increased sensitivity are poised to extend our understanding of disseminating lung cancers (at earlier or late stage) with future utility as liquid biomarkers to aid treatment management. The use of CTCs in lung cancer research offers a plethora of opportunities, from single cell CTC profiling, through the generation of CDX models to (Figure 1 ).
